In both pre-industrial societies and in contemporary developing economies, it is common to find; (a) families, including children, performing regular work, be it in family farms or urban factories; and (b) a positive link between a person's consumption and his or her productivity. This paper argues that there is a natural reason for the concurrence of (a) and (b), and that this link represents an aspect of child labor that had not been identified so far, although potentially consequent to child labor policies. It is sensible to expect households to be characterized by intra-household altruism. It follows that an increased income of one individual increases the consumption of all household members. An implication of this is that when an employer employs an adult and pays the adult a high wage in order to enhance the worker's productivity, part of this high wage ends up augmenting the consumption of the laborer's children, thereby making the children themselves more productive. One way in which the employer can prevent this leakage and internalize the externality is to employ the children as well. This explains the higher incidence of family labor, whether in factories or on farms, in poor societies where (b) is more likely to be true. JEL Classification Numbers: D10, J30, 012.
Introduction
Malnutrition and child labor are two facts of life for many families in poor societies.
Contemporary and historical evidence suggests that the vast majority of working children originate from very poor families whose members undernourishment is common. 1 This paper suggests that there may be fundamental reasons for the coexistence of undernourishment and child labor.
At low levels of income, there is a positive relationship between the nutritional intake of a laborer and the productivity of his work. To the extent that nutritional deprivation constrains the physiological performances of the laborer, it may be in the employers' interest to pay a wage higher than the market-clearing wage; an "efficiency wage." The concept of nutritional efficiency wage, introduced in the economic literature by Leibenstein in 1957, was formally modelled by both Mirrlees and Rodgers in 1975 . This gave rise to a long tradition of theoretical models of nutrition-based efficiency wage in the development literature (see for instance Stiglitz 1976 ; Ray 1986, 1987; Guha 1989 ; Basu 1992; Ray and Streufert 1993; and Dasgupta 1993, 1997) . In addition, several empirical studies provide indirect support for the theory. 2 Despite this interest, the consequences of nutritional efficiency considerations and intra-household redistribution on child labor have not been investigated so far.
A critical finding of this paper is that the presence of children weakens the link between the parents' nutritional intake and their earnings. A laborer who is paid a high 1 Anderson 1971, Goldin 1979 , Olsson 1986 , Chandrasekhar 1990, Basu 1999, Grootaert and Kanbur 1995 among others, argue that poverty of families is a precondition for child labor. 2 The strongest support of the relation between energy intake and productivity are to be found in the Minnesota experiment by Keys et al. (1950) ; in a survey of energy expenditure in the major industries during the WWII, see FFHC (1962) ; in the series of longitudinal studies conducted among Guatemalan sugarcane cutters and loaders, see among others Immink and Viteri (1981) ; and in Wolgemuth et al. (1982) 's experiences on Kenyan construction workers. Fogel and Engerman's (1974) detailed description of slaves' diet also provides strong evidence in favor of the nutrition-efficiency wage. For good reviews of this literature, see Bliss and Stern (1978) , Dasgupta (1993) , and Strauss and Thomas (1998) .
wage by his employer in order to enhance his productivity devotes part of his remuneration to his children's consumption, thereby making the children more productive. This leakage can be substantial, especially if parents are altruistic and if they have many children. Employers may thus find it more profitable to hire whole families to internalize the externality generated by the intra-household redistribution, even when children themselves are not particularly productive. Therefore, an employer choosing between two adults, one whose children work and another whose children do not work, will find the former adult more attractive. This, in the presence of unemployment, creates incentives for adults to send their children to work. It is worth noting that this simple and intuitive result is at odds with the conventional wisdom that, in the presence of wage rigidity or unemployment, employers prefer adult laborers. 3 The main objective of this paper is to identify and model this causal link between undernourishment and child labor, and analyze its implications for child labor policies.
The model has two additional consequences. Any income to non working members of the household, such as public assistance or home production, increases the productivity of its working members at no cost for the employer, thereby involuntarily "subsidizing" their labor. Additionally, the paper shows that the effects of technological progress, in the sense of an increase in labor productivity, is consistent with the pattern of initial increase in child labor followed by a sudden decline observed in history.
The next section briefly describes some of the historical evidence which motivated the paper. Section 3 presents the model and analyzes the interaction between food deprivation and the labor market. Different results concerning household and child labor are derived. Section 4 discusses the design of policy interventions related to child labor in labor markets characterized by undernourishment of the labor force. Finally, Section 5 concludes the analysis.
Historical Evidence
This essay has been largely motivated by reports on the extent and conditions of child labor in pre-industrial and industrial Europe and United States. Particularly relevant for this paper is the frequency with which members from a same household were working together for a common employer.
Most British country mills in the 18th and 19th century were organized on a family employment basis (see among others Cruickshank 1981; Bolin-Hort 1989; and Horrell and Humphries 1995). Similarly, family labor was the prevailing employment system in the early 19th century in most Eastern US states. Some recruitment ads were explicitly directed towards entire families, 4 and wages were often set on a family basis.
"The factory treated the domestic family, not the individual, as the unit of production." [Wallace 1978, p.172] . During the last decades of the 19th century, the cotton industry in the Southern US states expanded dramatically. By the turn of the century, the cotton industry in the South relied almost completely on the recruitment of impoverished families. 5 The persistence of family employment practices in the Southern mills must be seen as the major reason behind the high proportion of children in the work force. 6 one type of labor was low, given that the family wage (the sum of the earnings of the members) was high enough to keep the family in the village. Hence, the wage structure was largely arbitrary." [Saxonhouse and Wright 1984, pp.7-8, 18] .
Also very relevant are the reports of widespread poverty and undernourishment.
7 Low income appears to be the main motive for child labor supply in 19th century England (Anderson, 1971 ). Circumstances were therefore present for the nutrition-based efficiency theory to play a role, and accordingly, unemployment levels were high (see Bolin-Hort, 1989 , and Cunningham, 1990) .
It is worth noting that the concept of efficiency wage is acknowledged in the literature of the industrial revolution. West (1826) and Marx (1867) for instance explicitly distinguish between the hourly wage paid and the real price of labor. Marx insists on the fact that "the value of labour power was determined not only by the labour-time necessary to maintain individual adult labourer, but also by that necessity to maintain his family." Over time, it was observed that the incidence of child labor first increased dramatically. Although already pervasive for children at family farms, workshops and home- 7 Foster (1967) concludes that 35% of the unskilled labourers in Oldham, England were at or below the subsistence line in 1849 and 78% in 1847 when both prices and unemployment were higher (±20%&50% respectively over the whole population). See also Shammas (1990) . In the US cotton South, a federal study of mill workers' household budgets conducted in 1907-08 revealed that "20% of these people are living in the direst poverty. They are underfed, or underclothed or they have not enough fire to keep them warm. Another 51% were living in poverty of one degree or another. Some are barely above the starvation line, others have enough for food and clothing and a few of the other things considered as necessaries... yet they feel the pinch of poverty somewhere." [U.S. based industries, it reached unprecedented levels during the early industrial revolution.
Yet, after a period of high incidence, most countries witnessed a rapid decline in child labor levels. 8 Child labor legislation certainly helped, but most scholars agree that it did little more than hasten this decline. 9 Authors such as Kuczynski (1958) Nardinelli (1980) argues that the two main causal factors behind the decline of child labor in the late 19th century British textiles were technological changes and rising living standards among working class adults.
As shown below, this is the very combination of effects that will result in an initial increase followed by a sudden decline in child labor in our model.
Model
Premises of the Model. Assume a large number n of identical households each composed of an adult (A) and a child (B). Each household member is endowed with one unit of labor and can work or not l A , l B ∈ {0, 1}, where 1 denotes work and 0 non-work. Adult and child wages are denoted w A and w B respectively, and g is the alternative revenue available to the unemployed. Throughout the paper, an alternative source of income is taken to mean any source of revenue that is a substitute for work under consideration, e.g. public assistance, begging or home production. Hence, the household income is 8 Child labor suddenly decreased and almost vanished in Britain within a couple of decades in the late 19th and early 20th centuries. In Italy, child labor was very high until 1950, but had almost disappeared thirty years later. Catalonia also experienced an initial increase in child labor before a rapid decline. 9 
There is a unique consumption good whose price is normalized to one. The adult chooses his and his child's consumptions, c A and c B , and labor supplies, l A and l B , in order to maximize a household utility function
In particular, we shall assume the household preferences to be
where α ∈ (0, 1) represents the level of altruism of the parent for his child, and where u() is increasing, smooth, concave and bounded, with lim c→0 u(c) = −∞. v A and v B are the disutility from adult and child labor that may depend on aggregate income. Hence, the consumption functions take the following forms
The interrelation between consumption and work productivity is represented by the nutrition-productivity functions h i (c), where h i (c) gives the "efficiency units" of labor corresponding to a consumption of c for the work of an adult (i = A) or a child (i = B). Initially, most of the nutrition goes into maintaining resting metabolism and very little energy is left to sustain physical activity. Once the basic body's requirements are taken care of, nutritional intake significantly increases one's work capacity as most of the additional energy is used to perform work. To be sure, the relation between work capacity and consumption exhibits diminishing returns beyond a certain level of nutritional intake. 12 Assuming the nutrition-productivity functions to be continuous and differentiable, these considerations imply the following shape for the curves. have lower subsistence needs than adults, so that c B ≤ c A ; but we assume that, beyond a certain level of consumption, adults are more productive than children, h A > h B .
As conventional in the efficiency-wage literature, we assume that there is no time-lag between consumption and the increase in efficiency, and that employers perceive fully the relation between wage and labor productivity. 13 There are m firms in the economy indexed by j ∈ {1, 2, ...m} who have technology
where H j is the total number of efficiency units used in the production of firm j, f satisfies the Inada conditions, and e ε is an independent random variable with zero mean. Implicit to this formulation is the assumption that child and adult labor are substitutes and enter the production function only through their efficiency. All firms being identical, we drop the subscript j hereafter. The noise in the production function makes it impossible for employers to back out the worker's consumption from the amount produced. A firm's problem consists in choosing how many workers of each type to hire, n = {n A , n B , n H } -where n H is the number of full households, n A the number of adults without their children and n B the number of children alone -, and the wage to pay them, w = {w A , w B , w H }, in order to maximize its expected profit:
13 Naturally, there are substantial interpersonal variations in nutritional requirements and the increased efficiency from consumption is not simultaneous. Yet, employers seem to be aware of the existence of a relation between consumption and efficiency at low level of income. It can be argued that they learn about the shape of that relation by trial and error. For a very convincing study of the BMI as an observable signal of productivity and its impact on labor market in the Philippines, see Foster and Rosenzweig (1993, 1994) . The simultaneity between consumption and increased efficiency should be seen as a steady state condition.
is the efficiency of a household with income w H and w * i is the market-clearing wages for labor of type i.
Efficiency Wage. From (3.3), we can derive the labor demands
where H = n A w A + n B w B + n H w H . Firms demand only the type of labor i that has the highest efficiency per unit of cost h i w i . We shall make the tie-breaking assumption that, when indifferent, employers prefer adults only or children only to household labor. The wages that maximize the efficiency per unit of cost, and therefore expected profits, are called efficiency wages and are given by Hence, we shall assume that the minimum cost per efficiency unit of an adult is lower than a child's: A1.
Demand Effects for Family and Child Labor. The following proposition summarizes the labor demand effects favoring adult, household or child labor. Moreover, there are values of alternative source of income g > g > 0 such that (a) for all g < g, household labor is always preferred α(g) = 0 and α(g) = 1 ; and (b) for any g ≥ g, household labor is dominated α(g) = α(g).
Proof. If the reservation wages are low and the population is large, market-clearing wages are lower than efficiency wages. Paying a given type of labor less than the efficiency wage actually reduces its efficiency per unit of cost. Hence, firms pay the efficiency wage.
Consider first the case where g = 0. For all i ∈ {A, B} and w > 0,
At a given wage, the efficiency per unit of cost is higher for family labor than for adults or children only. In the absence of alternative income, employers strictly prefer to employ entire households: α(0) = 0 and α(0) = 1.
Consider now higher values of g. Our first objective is to show that α(g) is increas-
. To do so, we first need to show that, for a given g ∈ [g, g],
Expanding it and invoking the envelope theorem, this inequality simplifies to
It follows from the definition of the efficiency wages (3.5) that
Combining this information with the fact that at α the efficiency per unit of cost of adults only and households are the same, we see that
Now, a sufficient condition for (3.6) to hold is that
For α = α, using (3.7), inequality (3.
Consequently, for any α ≤ α, the efficiency per unit of cost of adults only will be no less than the household one, and from the definition of the efficiency wages (3.5):
This implies that inequality (3.8) is true and therefore (3.6) holds.
Note that
If a household member does not work and benefits from public assistance, it increases the efficiency per unit of cost of the other household member. In contrast, hiring the household means forgoing the alternative source of income. To keep the efficiency per unit of cost equal, if g increases then α needs to increase. Hence, α(g) is increasing in g for g ∈ [g, g]. A similar argument can be made to show that α(g) is decreasing in g for g ∈ [g, g].
To be sure, for a sufficiently high alternative source of revenue g, employers would never hire households and α(g) = α(g). This threshold level g is the smallest g such that
and where w * A (g) stands for the market-clearing wage.
14 Alternative sources of income such as begging, gleaning, assistance from poor laws are often very low and unemployment benefits are most often non-existent, such that, from Proposition 1, we expect household labor to prevail. Given that children are not very productive (A1), child labor results purely from the externalities generated by the redistribution within the household. Paradoxically, the more altruistic the parents the more likely child labor is. The existence of public assistance could even result in an equilibrium where only children work, and parents receive the public assistance. Parental altruism acts here as a subsidy for child labor. If employers could choose the consumption allocation within households, they would employ adults only and allocate all consumption to them. The widespread practice of employers to offer meals to workers as part of their remuneration in rural agricultural societies is another way for employers to internalize part of the externality. Unemployed households are unable to bid down the wage since wages lower than the efficiency wage decreases the employer's profit.
It is worth noting that, when alternative sources of income are low and there is excess labor supply, employers clearly prefer to employ childless adults to a parent and its child, since for the former the wage paid and the workers' consumption coincide. 16 proportionally with g, such that g is small. 15 Partially, since it concerns only one meal and not other relevant consumptions such as medications, blankets, etc. Moreover, monitoring whether the worker does not bring back home part of his meal could be costly. 16 Employers would pay an efficiency wage of b c A to a childless adult and b w H to a household. Let as for instance poaching or home production. To study the effect of an endogenous alternative source of income, we need to introduce additional notation.
Let ϕ(h) be the home production technology available to the households, where h is the number of efficiency units used in the production, ϕ(0) = 0, ϕ 0 (h) ≥ 0 and ϕ 00 (h) ≤ 0. For simplicity, assume that households do not internalize the effect of their consumption on the home production. If household member i is employed while the 
the corresponding wage for i. b w i (g) is the efficiency wage for an exogenous alternative source of income as defined in (3.5).
Similarly to Proposition 1, the level of the alternative source of income clearly matters in comparing household labor with child or adult labor. However, two additional effects arise when the alternative source of income is endogenous. The first effect is that, at "comparable level" of alternative source of income, having an endogenous source of alternative income raises the efficiency wage for child labor or for adult labor.
Proof. From the first-order condition for (3.5), we see that b
The first two terms are the same, but the last term in the latter equation represents an additional benefit of paying a higher wage: its positive impact on the alternative source of income. Higher wages increase income, and thus consumption, directly and indirectly. Hence, the child and adult efficiency wages are
The second additional effect of an endogenous alternative source of income is a tradeoff when comparing child and adult labor. Adult labor is more productive than child 17 It can easily be checked that the problem (3.9) is concave.
labor not only in the employer's job but also in home production. Therefore, employers compare the a priori higher efficiency of adults in the job and the low alternative source of income from the children's home production, with a lower productivity of children in the job but whose cost is highly subsidized by the parents' home production. As a result, parental altruism has ambiguous effects. An increase in parental altruism can actually increase the efficiency per unit of cost of hiring adults only.
Observation 3 α has ambiguous effect on
Proof. We know from Proposition 1 that if φ is sufficiently flat, an increase in α decreases the efficiency of adult labor. Hence, we need to show that an increase in altruism (α) can actually increase the efficiency per unit of cost of hiring adults only. Assume that the nutrition efficiency curves take the following forms
Set γ = .9, α = 0.3, and assume the home production to be ϕ(h) = 2(h) 1/2 . The income level that maximizes adult efficiency per unit of cost is b Y A = 4.65. Using the envelope theorem, it is easy to see that the effect of α on (3.9) is positive if
In our example, the left-hand side of this inequality takes value −0.296, 81. Adults are preferred to children, but an increase in parental altruism α increases the efficiency per unit of cost of employing adult labor.
Note that an endogenous versus exogenous alternative source of income could be a useful way to compare child labor in rural areas, where alternative sources of income are likely to be some form of home production, and in urban areas, where public assistance and begging are more common.
For the remainder of the paper, we shall assume that there is no alternative source of income g = 0 and that parents do not feed their children more than themselves, α ≤ 1/2, so that we can focus on the trade-off between adult and household labor.
Piece-Rate. Introducing piece-rates or incentive schemes in which the remuneration is contingent on the laborer's production, instead of a time wage, may also help in a context where nutrition efficiency matters. By making households aware of the effect of their consumption on their productivity, parents internalize part of the externality and choose an income distribution more in line with the employer's interest.
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Observation 4 In the absence of risk, piece-rates are always preferred by employers.
Proof. Assume that there is no risk, ε = 0. Denote by σ the piece-rate component of the remuneration, or share of the total output given to the household, and F the constant part of the labor remuneration. The household's problem is then to maximize
where H −i is the total efficiency units from the other employees. Hence, consumptions are such that
In the absence of incentive scheme (σ = 0), the last term is 0 and households set the marginal rate of substitution between child and adult consumptions at one. In contrast, if σ > 0 for the same level of household income the last term shows that the consumption allocation is biased toward the interest of the firm since it increases f (H).
However in the presence of risk, fluctuations in consumption affect labor efficiency which affects production. The effect of fluctuations in consumption on h is ambiguous as it is convex at low level of consumptions, while the effect of fluctuations in h on the production is clearly negative as the latter is concave. If the overall effect is negative, this would limit the level of incentive that is desirable or even feasible. Note that this is the familiar trade-off between risk and incentive in employment contracts, however it is worth noting that the effect of risk does not come from the preferences here.
Technological Progress. Some empirical regularities have been reported concerning the labor supply among poor households. 19 On the one hand, the reservation wage for labor participation of adults seems extremely low, generating an inelastic labor supply.
On the other hand, the labor supply of children seems to be responsive to the income level.
At extremely low levels of income, parents would prefer their child to work. However once a certain level of earnings is insured, parents prefer to withdraw their children from the labor supply. Basu and Van (1998) As shown by Basu and Van (1998) , the luxury axiom can give rise to multiple equilibria. As our intent is not to focus on multiple equilibria, when they arise we select the employer's preferred equilibrium. 20 Let a parameter t enter the production function f (H, t) to represent technological progress (or capital accumulation) in the following sense. As t increases, the marginal productivity of labor increases, f 12 (H, t) > 0. Using this concept of technological progress, the following observation characterizes its effect on the incidence of child labor.
Observation 5 Under assumptions A2-A3, (i) persistent technological progress generates an initial rise in the incidence of child labor; (ii) child labor persists as long as there is some unemployment, and (iii) there is a level of technology t such that for any t > t there is no child labor.
Proof. To show this, we need to look at both demand and supply of labor. Let's start with the labor supply. If w A (t) and w H (t) are the going wages for adult and household labor respectively, parents supply their child's labor when 12) where β = α α (1 − α) 1−α . To be sure, the outside opportunity for an adult whose child does not work is important in determining labor supply. If w H (t) > 0 and w A (t) = 0, the full household supplies labor since adults prefer their children to work rather than earn nothing, lim c→0 u(c) = −∞. In contrast, for large enough values of w A (t) parents would supply their own labor but not the labor of their children. Now, let's introduce labor demand considerations to characterize the labor market equilibrium. As seen in Proposition 1, firms do prefer to employ households than adults alone and would not find it profitable to pay less than the efficiency wage. Hence, the equilibrium household wage is w H (t) = max{ b w H , w * H (t)} where w * H (t) is such that
is the total number of households per firm.
Let b t be such that w * H ( b t) = b w H . For all t < b t there is an excess supply of households, and some households cannot find employment.
Define e t implicitly by
It is easy to check that b t ≤ e t. Recall that firms would not pay adult labor less than the adult efficiency wage b w A .
Hence, for t < e t, as long as households supply their labor, there is no demand for adult labor only. Unemployed adults would not find employment, so that the adult reservation wage is w A (t) = 0 and full households supply their labor. What does this imply for the incidence of child labor as t increases ? As long as t < b t, as the marginal productivity of labor increases with t, household employment, and therefore child labor, increases.
For t ≥ e t, unemployed adults would find work and the adult reservation wage is then
. Now notice that both the household wage and the adult reservation wage increase with t, and full employment prevails. Since h i (c) = h i ∀c ≥ c i , for large values of t the right-hand side of (3.12) tends to u(βf
Moreover, it follows from the luxury axiom that the left-hand side of the inequality tends to infinity. Hence there is technology level t ≥ e t such that for any t > t there will be no child labor.
Since full employment is needed for w A (t) > 0, child labor persists as long as there is some unemployment.
There is a critical difference in wage determination depending on whether there is excess labor supply or excess labor demand. If there is an excess labor supply, parents supply their and their children's labor rather than being unemployed and earning nothing. Moreover, we know from Proposition 1 that, if reservation wages are not binding, employers prefer to employ households and pay them the efficiency wage b w H . There is then a degree of freedom in the wages since firms care only about the total amount paid to the household. Individual wages are undetermined and equilibrium adult and child wages under household labor are any pair whose sum is b w H . 21 
Welfare Analysis and Policy Implications
Different policy interventions concerning child labor can be assessed in light of the above framework.
A popular policy intervention is a ban on child labor. Yet, in situations in which a large share of the population is below a nutritionally defined poverty line, a ban is often deemed undesirable. It is argued that, unless the labor demand is inelastic, such legislation would further reduce poor households' earnings, thereby hurting the very ones it tries to help. However, we can see that a ban could improve households' welfare.
Employers would employ adults only and pay them at least their efficiency wage b w A (point A, in Figure 1 ). The adult efficiency wage can be higher or lower than the household efficiency wage b w H , resulting in either an increase (as in Figure 1 ) or decrease in income for households in which the adult is employed. The effect on adult employment is also ambiguous and depends on the production function. Hence, there are environments in which a ban on child labor increases both total income for households with an employed adult and adult employment, thereby making all households better off.
With child labor and low income being correlated, providing resources to child laborers may seem like a good way to target aid to poor households. 22 Yet, under widespread undernourishment, this policy is far from decreasing the appeal of child labor. Indeed, by shifting the household cost-productivity curve in Figure 1 to the left, it decreases more than proportionally the household efficiency wage. Employers clearly benefit from the intervention since labor costs are lower. As long as unemployment prevails, the total 21 This degree of freedom implies that there is inverse relationship between the adult and the child wage. Such negative correlation is found by Parsons and Goldin (1989) . 22 As recommended in Grootaert and Kanbur (1995) , p. 197.
income of employed households decreases and child labor increases. The intervention reduces household unemployment but the amplitude of this effect depends on the elasticity of labor demand to labor costs. The framework developed here also warns us about unemployment funds or public assistance directed exclusively to adults. Indeed, it might result in a preference of employers toward child labor whose cost would be "subsidized"
by the unemployment benefits through the intra-household redistribution.
The most attractive policy would be a combination of transfers to children conditional on them not working (for instance contingent on school attendance such as Progessa) and unemployment benefits at the level of the household or a minimum guaranteed income.
An increased alternative source of income for children only renders adult labor relatively more attractive, and unemployment benefits help the households in which the adult is unemployed. Such policies have the potential to eradicate child labor.
Conclusion
This paper shows that, when malnutrition exists in the labor force, consumption decisions within the household affect the relative productivity of its members. This generates externalities in the labor market that modifies employers preferences towards family labor, even if there is excess supply of labor and children are less productive than adults.
Parents supply their children's labor, as employers would otherwise not hire them. Paradoxically parent's altruism is shown to increase the likelihood of child labor. This study provides a new explanation for child labor which may shed some light on the 18th and 19th century practice of hiring entire families in the US and in England. The study also shows how technological progress would result in an initial increase in child labor levels and later a very rapid decline, a pattern observed in most countries during the industrial revolution.
